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1 Introduction 
Spatio-temporal data models deal with capturing information 
characterized by both spatial and temporal semantics. 
Research in this area started decades ago when collection and 
management of data, related to both spatial and temporal 
changes was recognized as an essential task. Before that, 
earlier works in this area began separately in spatial [1] and 
temporal [2] data models. These efforts later became the basis 
for generation of data models which can handle spatio-
temporal context as a whole. 
Nowadays, several data models have been presented 
regarding research and practice on spatio-temporal modelling. 
Each model has its own approach for dealing with spatio-
temporal data and facing the challenges concerned with the 
integration of spatial and temporal concepts. Therefore, each 
model would be useful to be applied for a specific application 
(depending on the requirements of application as well as data 
characteristics) and not for another.  
In this research, we aim to study the available spatio-
temporal data models and select the best candidate for 
designing a spatio-temporal data model for geo-tagged 
shipping information. In the next section we provide the basic 
definitions and provide a brief review of the literature 
regarding spatio-temporal data models. In section 3, our case 
study and data is presented and based on discussion and 
interpretations, the relevant approach for modelling this data 
is selected. This section also provides our initial results of 
applying the approach, and modelling our data. Finally, in 
section 5, the paper ends with providing the discussion, 
conclusion and our plan for future work. 
 
2 Spatio-temporal data modeling 
Spatio-temporal data models define object data types, 
relationships, rules and constraints that maintain the integrity 
of a database [8]. A well-defined data model must anticipate 
spatio-temporal queries, geo-analytical and geo-statistical 
methods to be performed in a Geographical Information 
System (GIS). Their purpose is to deal with real world 
applications where spatial changes occur over time. The 
following four categories define the main requirements that 
need to be addressed by a spatio-temporal data model [8]: 
 Spatial semantics: this category contains several 
criterions dealing with pure spatial aspects such as 
structure of space, orientation/direction, 
measurement and topology. 
 Temporal semantics: this category deals with the 
nature of time and the basic features which are used 
to describe it such as granularity, time density, time 
order, transaction, etc. The issue of whether time 
should be modelled as continuous elements or as 
discrete elements are covered with these criterions. 
 Spatio-temporal semantics: this category contains 
the most important and challenging criterions that 
do not exists in single spatial or temporal data 
models. Data types, primitive notions, type of 
change, evolution in time and space, space-time 
topology, object identities, and dimensionality are 
the seven factors/criterions which for instance, 
makes the data model able of capturing changes in 
shape and size of the object features and/or whether 
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a model supports spatio-temporal real world objects 
that change continuously or just objects that are 
subject to discrete changes. 
 Query capabilities: this category is devoted to 
classification of existing spatio-temporal data 
models based on their query capabilities. Such 
queries may contain: 
- Queries about locations, spatial properties, 
and spatial relationships 
- Queries about time, temporal properties, 
and temporal relationships, and 
- Queries about spatio-temporal behaviours 
and relationships 
However, the above queries form a minimum functionality 
that a spatio-temporal system should provide [3].  
 
Several models exist for spatio-temporal data modelling. 
These models range from simple approaches such as The 
snapshot model [10], Simple Time-stamping [5], and Space-
Time Composite (STC) [11] to more sophisticated models 
such as Entity-Relationship (STER) model [12], and Spatio-
temporal Object-Oriented data models [13, 14]. 
The Snapshot model is one of the simplest spatio-temporal 
data models where temporal information has been 
incorporated into the model by time-stamping layers [10]. The 
model considers every layer as collection of temporally 
homogeneous units of one theme and shows the states of a 
geographic distribution at different times without considering 
temporal relations among layers, explicitly. This is the 
simplest way to capture spatio-temporal information and 
therefore has limitation in means of being capable to support 
complex queries. 
Another approach is to tag every object with a pair of 
timestamps. One tag could be for the time of creation and the 
other for the time of cessation. This approach is also known as 
data models based on simple time-stamping. Previous 
implementation of such an approach shows that time slices 
can easily be retrieved by simple queries [5]. The authors 
argue that storing layers of geo-information for different time 
periods is impractical. Therefore, they develop a system that 
keeps a graphic file of current parcels for day to day use, but 
archive historical spatial data into a separate file and keep the 
references alive. 
In addition to these approaches, there are other data models 
that follow the conceptual database models. The Spatio-
Temporal Entity-Relationship (STER) model [6] is one of the 
earliest and best known models among them. The STER 
model is able to deal with complex geo-entity sets and 
interrelations of spatial and temporal semantics allows 
description of attributes and relationships among entity sets. 
The model is universal in terms of reusability because of its 
flexible notation [7, 8].  
As another approach, spatio-temporal Object-Oriented data 
models incorporate the features of object oriented technology 
such as classes, instances, abstract data types, encapsulation, 
aggregation, inheritance, polymorphism, etc. In a research 
study, Wachowicz and Healy  [9] present an object-oriented 
spatio-temporal model of real-world phenomena and events. 
The phenomena are represented as complex versioned objects 
with geometric, topological and thematic properties. In this 
approach, for every version of the object which establishes a 
hierarchical structure for the past, present and future of the 
object, a new instance of the object with a different identifier 
is created. In addition, “events are manifestations of actions, 
which invoke update procedures on one or more objects” [8]. 
In this approach, time is represented as an independent, linear 
dimension. The time reference is absolute and the time order 
is linear. Last but not least, space is conceptualised in three 
linear dimensions [9]. 
In practice, there is no “complete” model of any kind for 
any application domain. The decision for selecting the 
relevant approach of modelling should be made based on the 
requirements for the specific application as well as the 
characteristics of information aimed to be modelled. 
Therefore, in the next section we present our case study and 
thorough discussion select the most relevant approach to be 
applied for spatio-temporal modelling of geo-tagged shipping 
information in our research.  
 
 
3 Case study: The LLOYD’s Lists 
Since the late seventeenth century, the shipping newspaper 
Lloyd’s List and its direct predecessors contain weekly and 
later daily information on global shipping. The core of the 
Lists’ mostly tabular contents is formed by the categories 
“Shipping Intelligence”, “Speakings”, “Foreign Mail”, 
“Casualities”, and “War”. Specifically, the first two 
categories are essential in our research. The “Shipping 
Intelligence” consists of exhaustive lists of the arrivals, 
departures and other nautical activities of civilian ships in 
practically all important ports of the world. The “Speakings” 
list sightings of ships at the high seas and give both the 
sighted and the reporting ship with name and geographical 
coordinates.  
The “Speakings” and “Intelligence” hold much information 
that with a primarily quantitative approach, will allow us to 
analyze, for instance, the shifting patterns of shipping routes; 
the time it took to get information, goods, and humans from 
one harbor to another depending on the year and season; the 
“black spots” and interruptions of service due to natural 
disasters or wars; the shifts in trade intensity between specific 
regions; the constantly changing patterns of 
transcontinental/international trade and migration; or, in short, 
the transformation of a variety of “global spaces” during times 
of rapid globalization [15]. 
As an initial step, spatio-temporal modeling of Lloyd’s data 
is essential in order to capture the information in a coherent 
and flexible manner which would later allow spatio-temporal 
analysis and querying of this information. The “Speakings” 
information contains latitudes and longitudes that could be 
best captured by a point feature as well as two timestamps. 
The first timestamp is for the date that the actual speaking has 
occurred and the other timestamp contains the actual date 
when this information has been reported. 
In order to deal with modeling of Lloyd’s data, some 
approaches cannot be used due to their specific drawbacks. 
For example, the Snapshot model is not appropriate for means 
of describing changes in space thorough time. Each snapshot 
is relevant to a specific time, but in order to understand how 
Ti differs from Tj, two snapshots should be compared 
exhaustively. As an example of disadvantages of the Space-
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Time Composite (STC) model, the fact that it is very difficult 
to define rules of internal logic and/or integrity constraints is a 
big problem. This is because the model does not provide 
understanding of the constraints upon the temporal structure 
[8]. Employing the STER model on the other hand has several 
benefits but the main problem according to a research study 
[8], which makes this model un-suitable for our research too, 
is the fact that it lacks the ability to capture the actual motion 
of the process of change and does not indicate if a spatial 
object is dynamic or static. 
 Among several approaches of spatio-temporal data 
modeling discussed in the previous section, we select the 
object oriented modeling because of its four main advantages 
in spatio-temporal modeling [8, 13]: 
 A single object represents the whole history of an 
entity 
 Efficient temporal data handling 
 Uniform treatment of spatial and temporal data 
handling 
 Simple queries due to its capability of dealing with 
each single object of an entity 
 
    As an initial attempt towards digitization, a large amount of 
published information for specific time periods which was of 
interest for historians; specifically years 1851 and 1871 were 
read and transferred into Excel spreadsheets in a formal 
tabular format. In the next step, in order to design a geo-
database for the Lloyd’s data, a geo-data modeling task using 
the object oriented modeling was performed. As an extra data 
source, we will also use the digitized maps of shipping routes 
downloaded from David Rumsey’s map collection [17] and 
the CLIWOC database [16] which provide weather data (e.g. 
wind speed and direction, air temperature, etc.). The aim 
would be to integrate these datasets with the Lloyd’s data in 
order to improve the normal trajectories (digitized from the 
maps) to a higher abstraction level, leading to semantic 
trajectories. From all the necessary information that needed to 
be recorded, a total amount of 9 tables were designed, each of 
which carry special attributes. 
Figure 1 illustrates the data model for each table in a class 
diagram fashion using Unified Modeling Language (UML). 
Note that the first four tables are normal tables containing 
several necessary information (e.g. Ship name, Captain name, 
Event date, Journal Date, etc.), yet the two last tables are 
considered as feature types since they have spatial 
components, thus can be treated as point features. As it can be 
seen two main tables are tbl_Speakings and tbl_Intelligence 
which contain the shipping information. Furthermore, 
tbl_Speakings is the most special table in this model which 
contains coordinate values in forms of latitude and longitudes 
where the actual speaking has happened (somewhere in the 
sea) as well as information about the plan of the other ship 
(the sighted ship) such as its port of origin and destination. 
tbl_weather captures weather information collected from 
CLIWOC database [16] for the relevant temporal periods of 
LLOYD’s shipping data. Last but not the least, tbl_Routes 
captures the data model behind shipping routes that are 
digitized based on famous maps provided by David Rumsey’s 
map collection [17] (note that additional data are stored in 
tbl_Route_Metadata). 
 
 
Figure1: Main part of the data model in Unified Modeling Language 
AGILE 2014 – Castellón, June 3-6, 2014 
 
 
The model focuses on spatio-temporal events where 
characteristics are categorized as thematic, spatial and 
temporal attributes. In this approach, for every version of 
the object which establishes a hierarchical structure for the 
past, present and future of the object, a new instance of the 
object with a different identifier is created. In addition, 
“events are manifestations of actions, which invoke update 
procedures on one or more objects”. In our model, 
speakings of ships are the special events that occur in the 
sea and need to be recorded in an efficient and effective 
manner.  In this approach, time is represented as an 
independent, linear dimension. The time reference is 
absolute and the time order is linear. Last but not least, 
space is conceptualized in two linear dimensions. 
 
 
4 Discussion and Conclusion 
In this paper we presented a brief overview of available 
approaches for spatio-temporal data modeling and 
elaborated on some of the advantages and disadvantages of 
them. In the next step, we introduced the data of our case 
study: Lloyd’s lists, and through a discussion selected the 
object oriented modeling as the best candidate for spatio-
temporal modeling of geo-tagged shipping information. 
The paper also presents our initial attempt to design our 
model using Unified Modeling Language (UML). We 
concluded that our model focuses on spatio-temporal 
events and for every version of the object which establishes 
a hierarchical structure for the past, present and future of 
the object, a new instance of the object with a different 
identifier is created. Speakings of ships are seen as specific 
events happening in the sea with additional semantic 
information and temporal attributes that need to modelled 
effectively and efficiently in order to be ready for spatio-
temporal analysis and reasoning tasks. 
Furthermore, using simple sample points would not be 
the only case in this research, we will also use a higher 
level of abstraction in order to introduce semantic 
trajectories of data. The reason is that more application-
oriented ways of analyzing segments of movement suitable 
for specific purposes of the application domain is needed. 
Therefore, in the future, the model provided here would be 
extended in order to be capable of capturing trajectories 
(e.g. lines) in addition to point features. Another aim for 
future work is design and populate a geo-database based on 
the data model and to review and apply relevant geo-
statistical methods for means of analyzing and discovering 
spatio-temporal patterns of shipping information and 
detecting hot-spots of shipping speakings considering 
different temporal timestamps. 
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